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Preface

Numerical computing is a powerful tool for solving practical mathematical problems
that occur throughout engineering. In this book, we focus on the application of numer-
ical methods to solve both analysis and design problems. In today’s computing envi-
ronment, inexpensive hardware and software are available to solve realistic numerical
problems very quickly and with modest effort.

TOPICAL COVERAGE.

The topics included in this book are summarized in the block diagram shown in
Figure 1. The number in the lower right corner of each block indicates the chapter or
appendix where the topic is discussed, while the text in the lower left corner indicates
the software module associated with the block.

In Chapter 1, we examine potential sources of error in numerical computations.
Two of the most common mistakes that casual users of numerical software make are to
accept the validity of numerical output at face value and to confuse precision for accu-
racy. In addition to examining the effects of round-off error and formula truncation
error, Chapter 1 also focuses on techniques for efficiently generating random numbers
with desired statistical properties. We included random number generation in Chapter 1
because, like round-off error, it can be tied directly to the internal representation of
numbers within the computer. In addition, random numbers prove useful for testing

NLIB NLIB Vectors Selected
Using Using Sources of and Problem
Matlab C Matrices Solutions
toalbox | A1 libraxy'ml supportl 1 review 1A3 toolme A4
|
{ [§ ¥ v 1
Linear Numerical Digital
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*In each box, the lower left corner lists the appropriate software module; the lower

right corner lists the chapter or appendix number.
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PREFACE

virtually all the numerical methods that follow. Vectors and matrices are used in engi-
neering applications because they provide an elegant, concise way to describe the
essential relationships between problem variables. They are used extensively both in
this book and in the MATLAB and C software packages that accompany it. We highly
recommend that students whose mathematical background includes little or no expo-
sure to the use of vectors and matrices read the brief review of the topic in Appendix 3
before proceeding beyond Chapter 1. It is not necessary for students to have taken a
course in linear algebra to use this book. However, it is important that students at least
be comfortable with the notation of vectors and matrices and be generally familiar with
basic operations and fundamental definitions.

Chapter 2 focuses on the problem of solving systems of linear algebraic equations
using both direct methods based on elementary row operations and iterative methods
that are attractive for large sparse systems. In Chapter 3, we examine the problem of
finding the eigenvalues and eigenvectors of a square matrix. Knowing the locations of
the eigenvalues allows one to draw conclusions about the stability of linear dynamic
systems, and this knowledge is also helpful in analyzing the convergence properties of
linear iterative methods.

Chapter 4 addresses the problem of fitting curves and surfaces to experimental
data. In this chapter, we have included techniques for interpolation, extrapolation,
least-squares curve fitting, and cubic splines. Several of these techniques surface again
in later chapters as parts of other algorithms. Chapter § is devoted to the problem of
solving nonlinear algebraic equations, also called root finding. Iterative techniques
are developed and compared on the basis of speed and ease of implementation. We
also consider in detail the important special case of finding the roots of polynomials.
Chapter 6 focuses on the more general problem of minimizing an objective function
subject to equality and inequality constraints. Optimal design problems in engineering
can often be formulated as constrained minimizations. In this chapter, we examine
both local and global search methods.

Chapter 7 investigates the problem of performing numerical differentiation and
integration of functions whose values are available only at discrete points. We exam-
ine the sensitivity of numerical differentiation to noise and develop techniques for
accurately estimating the value of single and multidimensional integrals. Chapter 8
examines an important generalization of numerical integration, namely, the solution
of systems of first-order ordinary differential equations (ODEs). In addition, we
explore initial value problems and boundary value problems. We also consider
implicit techniques applicable to stiff systems of differential equations. Chapter 9
generalizes the problem still further by introducing additional independent variables
in the form of partial differential equations (PDEs). We also present finite difference
techniques for solving Poisson’s equation, the heat equation, and the wave equation,
in one and two dimensions.

Chapter 10 examines a relatively recent topic, the extraction of information from
discrete samples of continuous-time signals. Digital signal processing (DSP) techniques
include the highly efficient fast Fourier transform, digital filter design, correlation, and
convolution. They also include the identification of linear discrete-time systems from
input and output measurements using least-squares and adaptive methods.
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STYLE OF PRESENTATION

This book is written in an informal style in order to ease the student gradually into each
new topic and to smooth the transition between topics. The book contains numerous
algorithms and examples, but there are no formal explicit theorems, definitions, or
proofs. Terms defined or emphasized within the text are italicized. The usage of mathe-
matical notation is summarized in Appendix 3.

Each chapter follows the template shown in Figure 2. Chapters start with a brief
introduction to the problem or class of problems to be solved. This is followed by a sec-
tion on motivation (“Why solve this problem?”) and chapter objectives (“What will
you learn?”). The core of each chapter is the development of a sequence of increasingly
sophisticated numerical methods for solving the problem. We introduce the simplest
and most specialized techniques first; then we present the more general ones. Each
method is demonstrated with at least one example. For all the computational examples,
corresponding example programs are available on the CD that accompanies the text,
The example programs follow the naming convention exyz.m (for MATLAB) and exyz.c
(for C), where x is the chapter number, y is the section within the chapter, and z is the
example within the section.

The algorithm development sections are followed by an applications section that
includes several case study-type examples from different fields of engineering (chem-
ical, civil, electrical, and mechanical). The case study problems are developed in detail,
and complete computational solutions are provided in MATLAB and C. Several case
study examples reappear throughout subsequent chapters as we investigate different
aspects of the problem and apply different mathematical techniques. The applications
section is followed by a chapter summary that compares the different methods in
terms of speed, accuracy, and applicability. At the end of each chapter is a section with
homework problems, including subsections on analysis and computation. Problem
solutions are available both in an Instructor’s Manual and on an accompanying
Solution Disk. In addition, solutions to selected problems are provided in Appendix 4.
We encourage students to use these problems, marked with an (S), to check their
understanding of the material.

MATHEMATICAL BACKGROUND

An increasingly common problem faced by college and university instructors is the
large variation in the mathematical backgrounds of students taking a course such as

Chapter Problem
Motivation and Objectives

Algorithm Development
with Examples

Applications

Chapter Summary

Homework Problems
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FIGURE 3
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applied numerical methods. This book is targeted for use by undergraduates in all fields
of engineering. It is assumed that the students have taken the standard sequence of
courses in calculus and differential equations and are in at least the spring semester or
quarter of their sophomore year.

There is enough material in the book, and enough flexibility in the order in which
topics can be covered, to provide for two distinct ways the book can be used. The choice
depends on the academic maturity of the class (sophomore, junior, senior) and the length
of time available for the course (one quarter, one semester, two quarters). For students
who have a less sophisticated mathematical background, the light chapter sequence
shown in Figure 3 is probably most appropriate. In the light sequence, the sources-of-
error material in Chapter 1 is followed directly by root-finding techniques in Chapter 5,
skipping the section on systems of nonlinear equations at the end of the chapter. This way,
students can see important problems and solution techniques using only scalar mathe-
matics. The notation, basic operations, and fundamental definitions associated with the
use of vectors and matrices are then covered in Appendix 3. This is necessary because
vectors and matrices are used extensively in both the algorithm development and the
accompanying software. Once students are comfortable with problem formulations that
use vectors and matrices, they can go on to the fundamental topic of solving linear systems
of algebraic equations, covered in Chapter 2. Eigenvalues and eigenvectors (Chapter 3)
can be skipped without interrupting the flow, which then leads to curve fitting techniques
in Chapter 4. Optimization (covered in Chapter 6) is a more advanced topic that can be
skipped without loss of continuity, so students can proceed directly to Chapter 7, in which
we discuss numerical differentiation and integration. This leads naturally to the solution
of ordinary differential equations in Chapter 8. As an alternative, and with time permit-
ting (one semester), the topic of partial differential equations can be considered after
either Chapter 7 or Chapter 8, for courses for which PDEs are important.

For classes that are at least junior level and for courses of longer duration (that
is, one semester or two quarters), some variation of the more complete treatment

Regular
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shown in the regular sequence in Figure 3 can be used. The main difference here is
that the chapters are covered more or less in the order they are presented in the book,
with the optional chapters on eigenvalues and eigenvectors (Chapter 3), optimization
(Chapter 6), and digital signal processing (Chapter 10) included, depending on the
students’ interests, the students’ backgrounds, and the time available. It should be
emphasized that even though inclusion of Appendix 3 is optional in the regular
course sequence, most students should read at least the first part of Appendix 3, which
reviews vector and matrix notation and basic operations.

SOFTWARE BACKGROUND

The key to the successful application of numerical methods is effective software. The
software included assumes that the student is familiar with the fundamentals of the
MATLAB programming environment or the fundamentals of the programming lan-
guage C. For MATLAB users, a numerical toolbox of MATLAB functions (NLIB) is
available. The NLIB toolbox is described in detail in Appendix 1. It includes functions
that implement the algorithms developed throughout the text. Also included is a set
of main-program support functions, which are low-level utility functions designed to
ease user interaction and the display of numerical results. At the start of each
Applications section, the student should read the accompanying section of the soft-
ware appendix to see how the algorithms are implemented.

For C users, there is a corresponding library of functions described in detail in
Appendix 2. The NLIB library follows the ANSI C standard so as to maximize porta-
bility between programming platforms. Aithough the MATLAB toolbox is somewhat
easier to use and is therefore recommended, the advantage of the C library is that the
corresponding functions execute faster. This is particularly noticeable for computation-
ally intensive applications, such as optimization and solution of partial differential
equations. The complete source code for the NLIB library is provided on the distribu-
tion CD. In addition, precompiled versions of the library are available for the Microsoft
Visual C++ and the Borland C+ + compilers.
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